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Effects of Straw Returnmg and F,,ertﬂizer Appllcatlon on Sm} Nutrlents and Wlnter
Wheat YleId - § i - p. %

o

SONG-Jia- -jie", XU Xi- Vang , BAI Jin-ze' , YU Ql CHENCrﬁo hao' , FENG Yong-zhong' * REN Guang-xin'
(1. Co}lege of“Agronomv Northwest A&F Univ versity Yanglmg 712100 Chma 2,#Shaanxi Engineering Research Center of CirculazAgriculture, Yangling 712100, China)

Abstraét In order toiéxplore the Bects of straw returning combined ith fem]lzemm soil nutrients and winter wheat yield in the Guanzhong area, an experimental split plot
deslc'n was utlhzed The main plot consisted of no straw returning (S, ) afid straw returning (S). The sub-regions consisted of no fertilizer (WF) , nitrogen fertilizer (NF)
and nitroggh and phosphate fertilizer (NPF). Ecological stoichiometry was used to study the relationship between soil carbon, nitrogen, phosphorus content, and yield under
straw returning combined with nitrogen and phosphorus fertilizer conditions. The results showed that straw and fertilization interactions had significant effects on soil organic
carbon, total nitrogen, and total phosphorus contents in the surface layer (0-20 em) (P <0.05). Compared with that in the S)WF treatment, the SNPF treatment
significantly increased soil organic carbon and total nitrogen contents in the surface layer (0-20 cm) (P <0.05). The interaction between straw and year had significant effects
on soil total nitrogen content in the surface layer (0-20 ecm) (P <0.05). With the increase in straw returning time, the total nitrogen content of soil 0-20 cm under the SWF
treatment was significantly higher than that under the S, WF treatment (P <0.05). Straw and fertilization and their interaction had no significant effects on organic carbon and
total nitrogen contents in the 20-40 cm soil layer (P >0.05). Straw and straw interaction with fertilization significantly affected total P content in 20-40 cm soil (P <0.05).
Compared with that in the SWF treatment, the SNPF treatment significantly increased the total phosphorus content in the 20-40 cm soil layer (P <0.05). Straw returning
combined with chemical fertilizer also had a significant effect on soil stoichiometry. Compared with that in the Sy WF treatment, the S, NPF treatment decreased soil C: N in the
surface layer (0-20 cm) and increased soil C: P and N: P in the surface layer (0-20 em). Compared with that in the SWF treatment, the SNF treatment reduced soil C: N in
the surface layer (0-20 cm). Straw returning combined with chemical fertilizer also had a significant effect on winter wheat yield. Tn 2020 and 2021, the SNPF treatment
increased production by 24.23% and 28.9%, respectively, compared with that of the S, WF treatment. Correlation analysis showed that yield was significantly positively
correlated with C: N (P <0.05) and C: P (P <0.01). At the same time, total nitrogen and N: P were positively correlated with treatment years (P <0.001). In conclusion,
straw returning and that combined with nitrogen and phosphate fertilizer (SNPF) can improve soil nutrient characteristics, change soil stoichiometric characteristics, and
increase yield in the Guanzhong area. Therefore, the resulis of this study indicate that straw returning combined with nitrogen and phosphate fertilizer (SNPF) is an effective
way to optimize regional farmland nutrient management and improve grain production capacity.

Key words: winter wheat; straw returning; nitrogen phosphorus fertilizer; soil nutrient; yield
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Table 1  Effects of straw, fertilization, year, and their

interactions on soil nutrient indexes

b A 0~20 cm : A 20 ~40 c¢cm :
APl 2R 2B Atk 2R 2%

TEHF ns * ns ns ns ok
it A ok . sese ns ns ns
ﬁz{h\ ns seskesk ns ns ks ns
*jn:ﬁ: x e * *® etk ns ns ks
FEFF x 4F0) ns * ns ns ns ns
AL x 47 ns kel ns ns *® ns

1) *F IR P<0.05 HBEM, ™ #R P<0.01 BEN, ™ XRp
<0.001 {5 M, ns A L FE

2.2 FEFFE HECHEACAERT 133 fb 2 R AE A 52 e

HEE2 a AR R AW RZ (0 ~
20 cm) 13 C: N H7.19 ~14.70, C: P }5.49 ~
14.31 MIN: P 40.70 ~1.10(F2). HFE2 ZHE

A AE R TC BB S (P > 0.05) |, Jita B % 3
JZ(0 ~20 cm) LA R AE P A B 3 R . B
Wt AR A 5 3800, 7E 2021 4E 5 S,WF ZbFEA L,
SyNPF FI S,NF 4b B FEAR K Z (0 ~ 20 em) 13
C:N(P>0.05). i iEXT )2 (0 ~20 cm) ;-1 C: P
HIN: P 472 A0 i & 520 (P <0.001) | 354E 2 a ik
ek REW 5 S,WF ZbFEAH L, S,NF 1 S,NPF 4b
PP R Z (0 ~20 em) 11 C: P, S,NPF 4B i
FHEFRZ(0~20 cm) HHEN:P(P <0.05). f5FF
i S AR AR )2 (0 ~20 em) 3L F TR
FHIETC B ESM (P >0.05) (BRIESE2 a IS5 H
W, 5 SWF ZbFAR L, SNF &b 3 fE i F AR 26 2 (0
~20 c¢m) 13 C: N.

2L 2 a IR E R R FAEEET 20 ~40 em
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3 C: N 2H5.89 ~12.08, C: P J94.95 ~9.83 F
N: PHO. 67 ~0.96( % 2). &2 ZHRE T E0Hr4s
JEH FERFALFEXS 20 ~ 40 em +3EAL RS A
WEFW (P <0.05) , Bl R FF 4 R A 34 m, 78
2021 4F5 S WF AbHAH L, SWF Ab P X4 BE 1 2 42 5

20 ~40 cm T3 C: N H1 C: P F FF &b B R0t AE B 4E
XF20 ~40 em L 2EIFE AR EFE R (P <
0.05) , ki 5 A B [E] 19 34 fin, #E 2021 4F 5 SWF &b
FEAH L, SNF b FRBEAZFEAIK 20 ~40 em 3 C: N Al
C:P.

®2 WHTHEELET LELFITESE"

Table 2 Soil stoichiometry under straw returning and fertilizer application

0 ~20 ¢m 20 ~40 cm
Tl i C:N C:p N: P C: N c:p N: P
Sy WF 7.1920.18b  5.49£0.09c  0.77+0.03b  9.37+1.45ab  6.78 £0.91ab  0.73 £0.05a
SoNF 12.88 +0.81a  10.30 £0.8abc  0.80 £0.0lab  10.97 £1.75a  9.3322.73a 0.8220.11a
5020 SyNPF 14.70 £2.83a  14.31 £3.44a  0.96+0.1a  12.080.63a  9.83 20.59% 0.81 +0.02a
SWF 11.33 £1.93ab  9.68 £1.66abc  0.85 £0.0lab  7.39 £0.19b  5.77 +0.44ab  0.78 £0.04a
SNF 10.30 £0.57ab  8.81 £0.5bc  0.86 £0.08ab  7.50 £0.73b  6.14 £0.65ab  0.82 £0.05a
SNPF 12.69 +0.46a  11.60 £0.66ab  0.91 £0.02ab  7.39 £0.44b  4.97 £0.58b 0.67 +0.08a
XA So 11.59 9.68 0.84 10. 81 8. 65 0.79
FHIE S 11.44 10. 03 0.87 7.43 5.63 0.76
Sy WF 9.85+0.24ab  6.910.44b  0.70£0.03b  6.16£0.03bc  5.90 +0.49bc _ 0.96%0.08a
SoNF 9.15+0.18ab 9.3 +0.21ab 1.02 +0a 6.54+1.51bc'  5.47 £0.91c '0..§7;§_3~b. 064
0l SyNPF 8.2240.22ab  8.60£0.05b  1.05+0.02a  9:45+0.08a | 9.02+0.48a “0.950 64
SWF 7.5320.29b  8.17#0.13b  1.09£0.03a  10.40£0.76a . 18.07 1. 11a 0,77 +0:05a
SNF 7.47£0.07b  8.22+0.01b  1.100.01a  §.39'+0. 144b || 7 67 £0.42ab 0. 9})?0. 04a
SNPF 10.59£2/T4a 11632 £1.86a  1.09+0.04a [5.89 x0.33c | 4.95 0. 04c 0.85 i_g‘..oé%,,.‘*‘
FEIE #So 9.07 | R 27~ 0.92 7,38 . 6-80 #0193,
P s 8.8 | s1 /) % 109 | g 8.23 " 5690 0.84.
fju:ﬂ: " i . ns _a"" ‘p/ I}S“' "' ns 4 ..‘ ok i '] T . ns -
S g Jari » *f* v sk ‘ s ns " s -
SE | ok I 3 ns 4 skok fi sk al ns Cal ek
FFF x it A 3 ns ‘,-H u“'“ s ns ¥ #ok sk ns -
[T < B AL N ns A | -
Eﬁﬁ!ﬂ xﬁ—ﬁJ\ [ = - ns g np e ns ok Tk ns

1) RN P B A 2 5255 (P <0, 05) 5 Bl Il = b, » 4675 P <0.05 B9 HE, » 4208 P <001 MY, ™ 45
P <0.00WAY B EHE, ns FARARBE,; C: N RAAILER: 2%, C: P FoRAH: 0, N: P FoR 2% 20

2.3 FEFFA HBCHE AL AE X A& /N2 7 i ) 5 )
M3 3 2 22 W4 R 3R B, R Ab 2T
2N I P RIS AR B E R (P <0.001) , B &
FEFFIA FH B ] A B84 0, 2021 4F 5 2020 4EAH . SWF
PR AR T 1.97% (K 3) . AL AL FEXS A /N A
FFE R B (P <0.05) 38422 a RG4S
WKW, 5 S,WF Mk, S,NF Il S,NPF 4bF ) i 2%
PR A NEZ PR (P <0.05). i FF R0 AR b 3 5 4R
XA /N PR = AR (P > 0. 05) 222 a iER
ZEREM 5 S,WF Ml EL, SNF 1 SNPF 4bBR 248 5
KN T
2.4 KON IR R B S A T R AR
AR M )i

FHE 4 AT, P S G N R B IEA R (P
<0.05)5 C:P REEFIEMIEKR(P<0.01),N: P
E4Efy (P <0.001), SOC(P <0.01), TN(P <
0.001)F1 C: P(P <0.001) & B FIFHXRXR, 5 TP
EWBEAMEKER (P <0.001). C: P 5 SoC

®3 WHTHEELENZSNEFENHMY
Table 3 Effects of straw returning and fertilizer

application on winter wheat yield

LI\}E Fi/kg'th
2020 4 2021 4E
Sy WF 4 878.15 £227.68¢ 4905.00 +54.85¢
Sy NF 6274. 15 £222.77ab 6 245.00 +£239. 6a
S, NPF 6441.65 +421.09a 5 885.00 +66.4ab
SWF 4 864. 00 +209.69¢ 4960.00 +184.75¢
SNF 5057.20 +£331.05bc 5380. 00 +352. 18be
SNPF 6 060. 25 +694. 06abc 6325.00 £447.45a
T s
Jiti AT *
Ay ns
FEFF x Hta A ns
fju:ﬁ: X ﬁzﬁj\ ns
AL x 407 ns

D) ANF/NE FRFRR A FRE 22 57 B3 (P <0.05) ; #PEIEE N
PIE + ARiEIR; R P <0.05 MR, ~ FR P<0.01 fE#E
P, ™ FR P <0.001 B EHE, ns TR A

C:N 2 W FEHLKER(P<0.001),5 TP 2 %
MAEFEZR (P <0.001). C:N 5 SOC & §FFHH
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FRKZFE(P<0.001), 544y (P <0.01) F1 TP(P <
0.05) 2B FEFAHKKR. TN 5443 (P <0.001) F
SOC (P <0.05) 5 F IEAKE LR,

A

{0 -0.21 053 003 -037 004 046 -D.058

SOC 028 013 076 083 0.32 0.22
TN . * 014 08 021 081 0,006 2

TP -0.26  -042 =045 018

C:N 0 . * 089 —0.01 0.28 e

c:P . . . 044 033 -0.4

NP | B . & o 013 -0.6

- s | @ --0.8

= -1.0
Ffr soCc TN TP N CP NP

4 TEBREBIERUFITERSLES
ZINEFEZ BRIHERE
Fig. 4 Correlation between soil C, N, P contents and
stoichiometric characteristics and winter wheat yield __

3 itie o

3.1 ﬁiﬁﬁ_lﬂﬂﬁﬂﬁﬁﬂzﬂlﬂﬁiﬁﬁ%ﬁﬁﬁﬁf ﬁ

ﬁmwwﬁﬁmiﬁ%a¢iﬁimmiﬁ%”

m%%m mamﬁmuﬂ?%%?ﬂﬁﬁﬁm
AR BE i I 0/~ 20 em iﬁ%ﬁmfiﬁ% 3 B
— 2 %ﬁﬂmimmﬁmuiﬁigﬁw%ﬁm

e VAT ITACEIN mﬁmﬁ%m %ﬁﬁ%wﬁ

*m&ﬁﬂ&ﬁﬁ%%%%kmt%%l%ﬁ%if
BT AT S 2 B, RS P R 2R A I Ak 3
SN0 ~20 em TIEAHLEE S (K 1), X 55
IR 2 SR — . SR K ) 2Pt R 2 ok
SEAT HLRR 10 9 , B 2 S50 - BT P — 2 L M K
S N2 RS R IR RS R TR M A B
S, B UE Y AT R R A LB D | T B
S EAT AT WL W A BB R DRI 2 v
VA AT WU AL | S50+ BEBE 10 A WL
BERI JFUA A HUBR A0 B4k, T S B0H HLBR T AR %
(R RREASHTIE B4 2 a k0 U 3IF 52 T 3% — WL
R AERSFEARTE ISR 256 2R, 0 ~20 em £
SR HLBR S i R MR 3 (T 1) ABRSE R 0
I 2 T A AT R0 98 1, o 36 P A 2 Ak
FL5 7 PR 7 TG S80I (2 25 34 11 20 ~ 40 em
AT HUBR A, — 7 T2 PR R FE A FH 2 3 20
~40 em HIEEHO B —Jrm AT RERR NN K2 (0
~20 em) A7 HLER 1] T -4 i (0 25 S0 A 5 5
20 ~40 em +IFEAHLER S = W 2E B .

IR S 2 A R B 5 A K0 Bt 3 4
A ARV A BTN, A DRI RS

it Hﬂuvﬂz%fu%ﬁ?&ﬁ_% TGN )2 (0 ~ 20
em) TIEREF R REF BN Z AL R AT
&5 it Eﬂz%iﬁ%lﬂh ¥R A 4 K Sy S5 Py BHOIR
B TGRSR 4 A9 A TE T Z A9 AR T 3R +
BB T 3 R R/ S BT, R
FARAFMEDFEAT C: N B, R 5 o i, e il i =
SRUNE T R g - S FOR I e R 8 T ST T 240 P 25
AEYPECE R R R R ARG LE 2 a 502
S FBH R FFIA H O U0 RE S 3S N2 )2 (0 ~ 20
em) TSRS (K 1), SEIABIR SR — 2

BRI EM AR EEEFIOENEERS
W E L IR B . RS AFAE BB A% fE IF 1+ HE 6
AW A R AR A A A i - R A
ez @ziﬂﬁﬁﬁ%mﬁﬁ{’ﬁﬁﬁm AT S 3 48 o -
B i AT DGR RS FR AL X I S

T Eﬂlﬂ EEXT [%Tiiz%fiﬂa_xﬁzﬁiﬁi Ce)
AR LR RPFEFE T, %Uﬂxﬁ%ﬁ(o 20
em) T4 i%ﬁ%%WM%Lﬁ%ﬁm~
40 cm iﬁé@;/ﬁ’\ﬁﬁﬂ:o 20 cm j:i%% TEE‘TE'}%’_
PR R EBi*’bnTcti%ﬁmﬁwJ o T 1
%ﬁ%%%%%%%”ﬂﬁﬁﬁﬂﬂmﬁMTi&
LA VA WiﬁTxTW%E@I%« TEATI
ﬁﬁ*ﬁ%ﬁ%?ﬁ*ﬁ%%ﬁﬁf?ﬂ%ﬁ#
FHIE BUBAS 2 Pt ¥4, AT ﬁﬁ%‘qk/\/\ﬁﬁﬂner%
i I P R B K N TR BRI
M ERZE S T .
3.2 REFFRA HECHLAL AT+ b2 R (5 M

4 C: N & R R A USRS R 2 —, L
C: N 5L i BRI R, ELE 2 a it
U gk R | SRS AN A H, RS AP R 1R )2
(0~20 cm) 3% C: N 48.53 ~11.44 /NFLER+
HE(14.30) M R EAH 44 (11.90) 2 AP LR
439 (12.90) ' SR ub T b 25 R K, R RS
FFAA HH A BT B 2 A A8 AILJSR ) it s SR 5 R
FA AR A (O R FAED A K Wl Rl %4k
2 a IRIGLEHL R FEFFA B BC A 2R S FF AR AN
it B L BERS IR 2 (0 ~ 20 em) 135 C: N, FFH.
2021 AR 45 R R W, 5 RS AEN 8 B IR AH L,
Fili A3 it UL RE A P IR 3R )2 (0 ~ 20 cm) 11 C
IN(P>0.05) , 13X 3 IR FF A HH P it 218 BE A8 A 5%
P R C N, B A SEY R A
M4,

ZH X AL 2 T LS A X AT LR T A
X EETE CP AN PE/NT 2R (C:P
47186.00, N: P 413.10) . HEAHLHE(C: P N
61.00, N: P 416.30) fiphidbfc 3 (C: P Ny
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40.30, N: P 241.90) , 3 HAHWF 5T 45 F i R B AN [A]
AEEEXT 2 IR S I W E R, N2 B R T
A H A3 b e ciae , N A R AR B F 2 )2 1+ 458
C: P FIl N: P 952 M) 32 22238 1 52 ) 3% )2 A L
R AN AR S BT Y, 255 A 20 X 4 1
A AL TF AR
3.3 FEAFIL DG P B X 46 /N P2 Y 52 T
T2 R E HARRR | fSFF e oy, B3k
RUFN AL A4 B 52 ), X6 6 A3 T 2 75 38 7 o
FEAR R IR ST 45 3. B o0 3 WHAS FRAE 1 & S8+ 3%
WK . SR RN EE 5 40 SRS AN TR, DT 5 300
W HLRECREAT L A HLAIR ) B aS I a] L ek 3%
RS S 0 R AT SRR FRAA 2
Sl C: N ol B, S U A YR - Ry,
X A P A B AR, TS i L Meta A3 M 45
SRR FEFF FH AT LA 3 28 A 37K 4 DA T
775.0% . Tk E‘J%ﬁiﬁ%%@%,%ﬂii\ﬁﬂm
S AT LB O I, RS e 4 AT i )
YA 6% ~ 129 . ABFIEAEHR W] 7 2020 4EREFFA

Tﬁﬂﬁﬂﬁ@ﬂﬁ"ﬁﬂ?&%%% %ﬁﬁ[‘fﬁ%&ﬁﬁﬂﬁ]ﬁ’ﬁ‘ '

Jm AE 2021 @%*%?ﬂﬁ@ﬁﬁﬁﬂ%ﬂﬁ&ﬁ? ;ﬁw
5. F P FUE, FRE 2 R FELRE AR B A

%&F&?E’JE&% A R IR G A OF LA Ko

ST (Pl A) Un 2 9, -+ 0 4 L5 A ST 2 5 O

PR (P <0. 001 )54 LIS b 0

>0,/05 )4 A I A1 RS FF 34 FH it RO HEER)
i A OIEN ]

4 g

(1) 7EC bl XU RS AT 38 B RE % st + I 57
SARIL , T AT I8 B C it A IE X )2 (0 ~ 20 em) +
AR 2R S AR THEN.

(2) WAL AT T A BE SR A, A AT 3 TH R it

AENERFEMRR)Z (0 ~20 em) 13 C: N, iz X 54
lﬁJﬂziﬂzL*H P, A H 4 3 i 2 B AT A T AR
7K.

(3) AW5E LB AHE C: N Fl C: P ZFL A/
AL O

(4)7E 2021 AFF5FF A FH G it 0w AT Ak 2 4
INE SRR DR SR R SR R
AP RE AR RGEE.
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